Hasis for Depth Aggregation of GEMSS Model Output for Budd Inlet TMDL

Three dimensional models represent the water column using vertical discretization schemes to make
computations feasible. The basis for horizontal model grid size and vertical layering used for this work was
described in Roberts et.al. (2012). This section focuses on the basis for depth aggregation of model output. The
objective of depth aggregating vertical layers is to represent model output at temporal and spatial scales needed
for policy determinations, without averaging out, or diluting features that are relevant to the water quality
standard and criteria. Water quality standards and criteria are not specified to correspond with any specific
depth, but rather to apply to the water body in its entirety. Thus, biochemical, physical and policy
considerations come into play when aggregating model output for dissolved oxygen (DO), as described below.
Depth aggregation for DO model output is based on:

e Habitat Considerations to meet Marine Water Designated Uses (refer to Appendix 1)
e Tidal range, vertical stratification and biological productivity in euphotic zone layer

1. Habitat considerations

Budd Inlet south of Priest Point Park is designated Good Quality Aquatic Life, while the rest of Budd Inlet is
Excellent Quality Aquatic Life. The marine DO standard has two parts. First, the standards establish
minimum criteria that vary with designated use: {1) To protect the Excellent Quality category of aquatic life
use, the lowest 1-day minimum oxygen level must not fall below 6.0 mg/L more than once every 10 years
on average. {(2) To protect the Good Quality category of aguatic life use, the lowest 1-day minimum oxygen
level must not fall below 5.0 mg/L more than once every 10 years on average. Excellent and good quality
designations are further defined in the regulation, WAC 173-201A-210:

(i) Excellent quality salmonid and other fish migration, rearing, and spawning; clam, oyster, and mussel rearing
and spawning; crustaceans and other shellfish (crabs, shrimp, crayfish, scallops, etc.) rearing and spawning.

{iii) Good quality salmonid migration and rearing; other fish migration, rearing, and spawning; clam, oyster, and
mussel rearing and spawning; crustaceans and other shelifish (crabs, shrimp, crayfish, scallops, etc.) rearing and
spawning.

Numeric criteria are meant to apply to aquatic ecosystem habitats. These criteria must protect all indigenous
fish and nonfish aquatic species (WAC 173-201A-210). The assumption is that if the numeric criteria are met for
the most sensitive organisms of each habitat, then the ambient condition of the waterbody as a whole will
protect all other species. It is recognized that in some situations where the numeric criteria are insufficient to
protect all fish and non-fish species, the narrative criteria may need to be applied to set alternative criteria, but
the numeric criteria is set to protect the species listed nonetheless. In the case that multiple criteria exist for the
same parameter, the most stringent criteria are to be applied (WAC 173-201A-260).

Depths in Budd Inlet range from 100 ft (30 m) in the north to mudflats in the shallow East and West Bays. Much
of the inlet varies from 15 to 50 ft (5 to 15 m) in depth. The species listed above, and their prey, can inhabit the
entire Budd Inlet water column. For instance, the native Olympia Oyster (Ostrea Lurida) are found at depths
from 0-71 m (Couch, et. al. 1989). Furthermore, organisms that inhabit the bottom, termed benthic organisms,
are an important part of the food chain from which fish and non-fish species depend on. Vaquer-Sunyer, et.al
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point out that benthic organisms are especially vulnerable to hypoxia because sediments tend to be depleted
first relative to the overlaying water column. Thus, when determining whether standards are met throughout
the water column, it is important to consider the bottom depths.

2. Tidal range, vertical stratification and euphotic zone considerations

The euphaotic zone is defined as the area in the water column that receives sufficient light for photosynthesis to
occur. We agree with Banas et.al (2015) use of 30 m as reflective of the euphotic layer in Puget Sound. In the
euphotic zone oxygen is produced, and thus averaging euphotic layers along with the rest of the water column
will result in masking of potential hypoxic layers at depth. Since Budd Inlet is within the 30 m euphotic zone, we
exclude from the aggregation computation only the top layers that are generally separated from the rest of the
water column due to stratification. However, in shallow nearshore areas, salinity-depth profiles indicate that
the water column is well mixed, and so, we include the entire sub-tidal water column in those areas'.

Datums for 9446807, BUDD INLET, SQUTH OF GULL HARBOR

A3 Vipsarae b prebars redetier odntive detum

A paiv B8
%,

REXIT0 S0 B < SR Rl

oy 6
2OABOUTH:

Figuire [ SEC Figure VY ARABIC | Budd indet Tido! Ronge

The tidal range in Budd Inlet is around 4.2 m (Figure 1), based on the difference between mean higher high
water and mean lower low water; however, tidal range for spring tides can exceed 5.5 m as measured in
1996-1997 at Boston harbor during the Budd Inlet Scientific Study (Aura Nova Consultants, 1998). A plot of
the observed data is included in Figure 2. We exclude areas above the subtidal range, defined in this case as
areas above the minimum low water line, because these areas are very shallow, subject to going dry, and when
they are wet, are generally expected to be oxygenated due to wind and wave action (see Figure 7).

1 We do not include a discussion of temporal aggregation in this paper. However, we used lowest value per day {the one
day minimum) to determine if a violation of standards occurred. This adheres to the water quality standard, see WAC (173
201A - 1D).
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The GEMSS model used for Budd Inlet uses a Cartesian (z-coordinate system) for vertical discretization. The first
top ten layers are of equal thickness (1 m). Layers 11 and 12 are 2 m thick, and the layers after that 3 m, as
shown in Figure 3. We start aggregating at sub-tidal depths (below 6 m—or layer 7). Layers above this depth are
never included in the averages since they are not consistently submerged in water, as described above.

Appendix 2 shows salinity-depth profiles for Budd Inlet at different stations and seasons in 1997, the year that
the modeling scenarios take place. Salinity-depth profiles are used here as an indication of the degree of mixing
in the water column. We acknowledge that vertical profiles are subject to temporal variation. Nonetheless,
observed salinity profiles available remain generally uniform throughout the depth of various shallow stations
(generally between 0- 12 m), indicating a well-mixed subtidal zone. The scheme utilized for vertical aggregation
accounts for that fact: at subtidal depths between 6-12 m, we aggregate and average all layers, assuming
complete mixing.

Very little observational data is available for deeper stations {12 m and below) for 1997. However, more recent
profiles obtained in 2015 indicate that some degree of stratification may occur at mid-levels—starting around 6
m (Figure 4-6). Therefore, to remain protective of all habitats in Budd Inlet, and exclude higher euphotic levels
rich in oxygen localized on top, we recognize that stratification can occur at mid-levels, half-way in the water
column when the total depth of the water column is 12 m or greater. Thus, for all depths greater than 12 m, we
average the bottom half of the water column, as shown in the dark grey boxes in Figure 3.
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Example: If the total
depth is 15 meters, find the
depth in column C..
{Column C indicates the
range of depths in each
layer). Determine the
number of layers within
the water column (see
column A). If the depth is
15 meters, there are 13
layers. {15 meters falls
within 14 and 17 meters,
which is the depth at the
top and bottom of the
layer).

If there are 13 layers, half
of the depth is 8.5 meters
{see column D). The
corresponding layer is layer
9 {see columnE). Cells 9
and below are averaged
together. {This is shown on
the right side of the chart,
outlined in red.
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Figure { SEQ Figure VF ARABIC 1 Salinity depth profile neor Swontown maring, Budd inlet {Courtesy of: Coustal Monitoring and Anglysis
Frogeom, SES, Departraent of Ecology).

Figure 7 shows the DO concentrations at four locations within Budd Inlet (in black) that are used in the vertical
aggregation scheme described above—DO concentrations at the surface (in blue) are not incorporated into the
aggregation scheme so that the resulting aggregated values are protective of biological organisms, and thus
water quality criteria are met, throughout the entirely of the water column.
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Basis for Morizontal Aggregation of GEMSS Model Output for Budd inlet TMDL

&

Ecology uses county quadrangle grids {(Figure 8) to designate locations in which exceedances of the dissolved
oxygen standard in marine waters have been measured. This is the same grid system used in Water Quality
Assessment (also known as 303(d) list). This grid was chosen for its convenience and has the additional benefit
of being relevant to the 303(d) listings. Since DO in Budd Inlet is fairly horizontally homogenous using the
established 303(d) grid does not mask areas with low dissolved oxygen, and is protective of the habitat. Itis
important to note that this approach may not be applicable throughout the Salish Sea.

The methodology for horizontal averaging involves overlaying the 303(d) grid over the model’s grid, and
averaging the model grid cells that fall within each 303(d) grid layer as depicted in Figure 8. The resulting
averages (including vertical and horizontal aggregation) are shown in Figure 9.

Figure & Plar view of the Budd infet 303{d) grid layers, GEMSS Grid ondd thelr resuiting overlay
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Before Aggregation™ After Aggregation
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Figure 8. Comparison of DO concentrotions for GEMSS grid {showing lowest value) and 30300} geids (showing average volie after
aggregution methods opplied)].

Summary

Discretization is necessary in three dimensional models in order to make computations. Averaging of discrete
model grid cells may be necessary to make outputs comprehensible and useful for policy and management level
decisions. Our challenge was to determine a method that would allow for vertical and horizontal cell
aggregation while not diluting relevant water quality parameters and while protect aquatic biota. The following
steps were taken to ensure that vertical cell averaging did not result in masking violations of water quality
standards for DO:
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e We considered Budd Inlet’s specific bathometric and chemical characteristics to make an informed
decision about appropriate aggregation techniques (all of Budd Inlet lies within the 30 m euphotic zone).

e We excluded from aggregation well oxygenated surface layers that are generally stratified from the
remainder of the water column.

e We considered the entire water column in shallow well mixed areas.

The horizontal homogeneity allows us to aggregate horizontal grid cells over the 303(d) grid without masking
areas with DO violations.

As shown in Figure 9, DO levels remain remarkably similar before and after aggregation, providing further
validation of our techniques.
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Appendix 1.

173-201A-210
Marine water designated uses and criteria.

The following uses are designated for protection in marine surface waters of the state of Washington. Use
designations for specific water bodies are listed in WAC [ HYPERLINK
"http://apps.leg.wa.gov/WAC/default.aspx?cite=173-201A-612" .

(1) Aquatic life uses. Aquatic life uses are designated using the following general categories. It is required
that all indigenous fish and nonfish aquatic species be protected in waters of the state.

(a) The categories for aquatic life uses are:

(i) Extraordinary quality salmonid and other fish migration, rearing, and spawning; clam, oyster, and mussel
rearing and spawning; crustaceans and other shellfish (crabs, shrimp, crayfish, scallops, etc.) rearing and
spawning.

(i) Excellent quality salmonid and other fish migration, rearing, and spawning; clam, oyster, and mussel
rearing and spawning; crustaceans and other shellfish {crabs, shrimp, crayfish, scallops, etc.) rearing and
spawning.

(iii) Good quality salmonid migration and rearing; other fish migration, rearing, and spawning; clam, oyster,
and mussel rearing and spawning; crustaceans and other shellfish (crabs, shrimp, crayfish, scallops, etc.) rearing
and spawning.

{iv) Fair quality salmonid and other fish migration.

(b) General criteria. General criteria that apply to aquatic life marine water uses are described in WAC |
HYPERLINK "http://apps.leg.wa.gov/WAC/default.aspx?cite=173-201A-260" ] (2)(a) and (b), and are for:

(i) Toxic, radioactive, and deleterious materials; and

(i) Aesthetic values.
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Appendix 2.

Diagnostic stations used for evaluation of temperature and salinity profiles and time series.
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